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Executive Summary

The Environmental Protection Agency (EPA), in cooperation with the Centers for Disease Control and
Prevention (CDC), the Agency for Toxic Substances and Disease Registry (ATSDR), and the National
Institute of Environmental Health Sciences (NIEHS), presented the 2006 Science Forum: Your Health,
Your Environment, Your Future on Tuesday, May 16, through Thursday, May 18, 2006, in Washington,
DC. This Science Forum highlighted key areas of relationships between the environment and public
health, and showcased scientific research, new initiatives, and recent successes as well as collaboration
between federal, state, local, and international public health agencies. The Science Forum also provided
an opportunity for dialogue and interaction among EPA and scientists, clients, stakeholders, and
colleagues with over 1,000 attendees at this event, including EPA program, research, and regional staff;
members of other federal and international agencies; the scientific community; and the public.

The Science Forum consisted of an opening plenary session, three topical plenary sessions, and a session
with former EPA Assistant Administrators for the Office of Research and Development. Each topical
plenary session examined a theme area for human health and the environment: disease susceptibility,
global challenges, and the built environment. The Science Forum included over 227 posters on current
research activities and speaker-specific topics, poster-platform sessions, scientists/engineers present to
discuss their research efforts, and 22 exhibits of scientific and educational programs at EPA and other
federal agencies. The Science Forum also included special program sessions on innovation in risk
assessment; a panel discussion by the EPA Emerging Leaders Network, and a training session on
Cooperative Research and Development Agreements.

Opening Plenary Session

The purpose of this session was to set the stage for exploring Your Health, Your Environment, Your
Future; exploring the role of EPA as an environmental public health organization; and highlighting the
cooperative relationships among U.S. environmental health agencies. Assistant Administrator of the EPA
Office of Research and Development (ORD), Dr. George Gray, discussed the themes of the Science
Forum, the relationship between the environment and health, and national and global environmental
public health challenges being addressed through science and interagency cooperation. Dean of the
College of Engineering, Architecture, and Computer Sciences at Howard University, Dr. James H.
Johnson, discussed the role of science in policymaking for environmental public health. EPA Deputy
Administrator, Marcus C. Peacock, discussed EPA contributions and interagency collaborations over the
past 35 years, and presented the first 21% Century Visionary Science Leadership Award to Dr. J. Craig
Venter. The founder and president of the J. Craig Venter Institute, Dr. J. Craig Venter, discussed his new
findings and insights in the most important area of research in the 21% century in his presentation “Secrets
of the Human Genome.”

Disease Susceptibility Plenary Session

This plenary session, led by Dr. Julian Preston (with EPA) and Dr. William Suk (with NIEHS), examined
the relationship between disease susceptibility and the environment and efforts to understand why some
of us succumb to illness while others remain well. A key theme is understanding the complexity and
linkages of multiple factors affecting disease susceptibility, including genetics, life stage, environmental
stressors, and health disparities.



Dr. Steven Kleeberger, with NIEHS, discussed innovative work related to the genome and human disease
susceptibility and the relevance of this new science to public health risk assessment. Dr. Elaine
Faustman, with the University of Washington, introduced the concept of life-stage susceptibility and
research underway to understand this linkage with disease susceptibility throughout life. Dr. William H.
Sanders, with the EPA Office of Children’s Health Protection and Environmental Education, discussed
health disparities among racial, ethnic, and socio-economic groups and the role of environment in health,
morbidity, and mortality in these groups.

Global Challenges Plenary Session

This plenary session, led by Dr. Anne Grambsch (with EPA) and Dr. Chris Portier (with NIEHS),
examined how a changing global environment (natural and man-made) is giving rise to potential new
public health risks and actions that can be taken to ameliorate these risks. A key theme is understanding
the global relationships between environment and health and how collaboration in research, education,
and regulation can reduce disease and health risks.

Dr. Rita Colwell, with the University of Maryland and Johns Hopkins University, identified new public
health challenges arising from changes in global stressors and highlighted examples of new diagnostic
methods and new prevention methods to address these challenges. Dr. Howard Frumkin, with the CDC
National Center for Environmental Health (NCEH) and ATSDR, discussed the changes in environmental
health risks in response to changes in human behavior, global transportation patterns, and extreme
weather events. Dr. Peter Preuss, with the EPA National Center for Environmental Assessment, provided
an overview of changes occurring in paradigms for risk assessment and the relationship between the
assessment of ecosystem, human-derived changes, and human well-being. Dr. Michael Shapiro, with the
EPA Office of Water, discussed how federal health agencies in the United States have worked together to
reduce health risks related to air and water pollution and the role of similar interactions at the
international level in achieving similar results.

Former EPA Assistant Administrators for Research and Development:
Current and Future Science Challenges Facing EPA

This session, held in recognition of EPA’s 35" Anniversary Celebration, provided an opportunity for the
current and five former ORD Assistant Administrators to discuss the past, current, and future science
challenges facing EPA. A key theme is the responsiveness of the research program to the changing needs
of the Agency, the achievements possible from sound science underlying regulatory actions and other
EPA mission elements, and the need to find the appropriate niche for EPA research to address upcoming
challenges in the areas of nanotechnology, global warming, and genomic technology.

Dr. George Gray, the current ORD Assistant Administrator, led this session. Former ORD Assistant

Administrators providing remarks and participating in the discussions were Dr. Paul Gilman, Dr. Norene
Noone, Dr. Robert Hugget, Mr. Eric Brethower, and Dr. Bernard Goldstein.

The Built Environment Plenary Session

This plenary session, led by Dr. Hal Zenick (with EPA) and Dr. Howard Frumkin (with NCEH and
ATSDR), explored demographic trends, their impact on health, and how thoughtful planning of the built
environment can mitigate or eliminate future environmental health problems.

Tim Torma, with the EPA Office of Business and Community Innovation, discussed the EPA Smart
Growth effort to incorporate considerations of environmental health in land use, transportation, and
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critical services planning; obstacles to smart growth encountered by communities; and benefits of these
planning efforts. Howard Frumkin, with NCEH and ATSDR, discussed the relationship between human
health and the built environment, the need for healthy places, and trends in population demographics that
may impact the built environment and human health in the future. Martin Moeller, with the National
Building Museum, discussed principles of sustainable building design as illustrated by the Green House
exhibit and green building design from around the world.
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Section |I: Overview

The Environmental Protection Agency (EPA) presented a Science Forum at the Ronald Reagan Building
and International Trade Center in Washington, DC, on Tuesday, May 16, through Thursday, May 18,
2006. The EPA 2006 Science Forum: Your Health, Your Environment, Your Future was an opportunity
to showcase the activities of EPA and other organizations in key areas of environmental research and to
spotlight new initiatives and recent successes. As the fifth in a series of annual events, this Science
Forum built upon the first four Agency-wide Science Forums held in May 2002, May 2003, June 2004,
and May 2005, and was held in cooperation with the Centers for Disease Control and Prevention (CDC),
the Agency for Toxic Substances and Disease Registry (ATSDR), and the National Institute of
Environmental Health Sciences (NIEHS). Appendix A provides the agenda for the meeting.

The Science Forum highlighted selected high priority topics and EPA’s scientific accomplishments,
showcased EPA’s commitment to quality science, and demonstrated, through examples, how science
influences Agency decisions. The Science Forum also provided an opportunity for dialogue and
interaction among EPA scientists, partners, clients, stakeholders, and colleagues with over 1,000
attendees at this event. Attendees included EPA program, research, and regional staff; members of other
federal and international agencies; stakeholders; the scientific community; and interested members of the
public. The Science Forum included 227 posters addressing current research activities and specific topics
addressed by speakers, poster-platform sessions, and discussions of research efforts by EPA and external
scientists and engineers, as well as 22 exhibits of scientific and educational programs at EPA and other
federal agencies.

Assistant Administrator of the EPA Office of Research and Development (ORD), Dr. George Gray,
opened the plenary session of the Science Forum and discussed the theme of the Science Forum to
inform, educate, and empower the audience to play an active role in the science and research that affects
the world in which we live. Other plenary speakers discussed the role of science in environmental health
policy, EPA accomplishments in environmental health over the past 35 years, and the linkage between
genomes, the environment, and health.

Three topical plenary sessions each examined a theme area for human health and the environment—
disease susceptibility, global challenges, and the built environment. The audience had an opportunity in
each session to ask questions of the speakers. Poster-platform sessions followed the plenary sessions
addressing session-specific and related topics; posters were presented by their primary investigators,
followed by open group discussions. Abstracts of the posters are available at http://epa.gov/scienceforum.

The Science Forum also included a discussion session with former ORD Assistant Administrators in
recognition of EPA’s 35" anniversary celebration. This session provided an opportunity for five former
ORD Assistant Administrators and Dr. George Gray, the current ORD Assistant Administrator, to discuss
current and future science challenges facing EPA.

Special program sessions included a session on innovations in risk assessment practice; a panel discussion

on sustainability, stewardship, and collaborative programs by the EPA Emerging Leaders Network; and a
training session on Cooperative Research and Development Agreements.
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Section Il: Plenary Session

Tuesday, May 16, 2006

The purpose of this session on the first day of the meeting was to set the stage for exploring Your Health,
Your Environment, Your Future; exploring the role of EPA as an environmental public health
organization; and highlighting the cooperative relationships among U.S. environmental health agencies.
The plenary session also included the presentation of the first 21% Century Visionary Science Leadership
Award.

Director of the EPA National Center for Environmental Assessment (NCEA), Dr. Peter Preuss, opened
the plenary session. Assistant Administrator of ORD, Dr. George Gray, discussed the themes of the 2006
EPA Science Forum, including the relationship between our environment and health as well as national
and global environmental public health challenges being addressed through science and interagency
cooperation. Dean of the College of Engineering, Architecture, and Computer Sciences at Howard
University, Dr. James H. Johnson, discussed the role of science in environmental policymaking and a
methodology to integrate scientific understanding with decisionmaking for informed choices and better
understanding of long-term consequences of policy choices. EPA Deputy Administrator, Marcus C.
Peacock, discussed EPA accomplishments in the area of environmental public health, and presented the
21% Century Visionary Science Leadership Award. Founder and president of the J. Craig Venter Institute,
Dr. J. Craig Venter, discussed the challenges in sequencing the genome of various species, how different
environments have allowed for evolutionary differences in genetic code, and efforts to develop a synthetic
genome.
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Opening Plenary Session

Director of NCEA, Dr. Peter Preuss, opened the Plenary Session, welcomed all attendees to the fifth
annual EPA-wide Science Forum: Your Health, Your Environment, Your Future, and provided an
overview of the Forum’s theme—the interactions of human health and the environment. Dr. Preuss
acknowledged the cooperative efforts of CDC, ATSDR, and NIEHS in developing this event.

Welcome and Introductions

Dr. George Gray, ORD Assistant Administrator, discussed the theme of the 2006 EPA Science Forum and
its intent to inform, educate, and empower the audience to play an active role in the science and research
that affects the world in which we live.

The theme of this Science Forum is intended to illustrate the relationship between the environment and
human health. This Science Forum brings together a diverse group of environmental and public health
scientists who will present their work on some of the most challenging and significant scientific issues
faced today. Over the next three days, the invited speakers, the seminar sessions, and the poster-platform
sessions will highlight advances in science and some of the national and global environmental and public
health challenges that science needs to address. Many of this year’s themes are very timely and
important, in light of many of the current discussions in the newspaper and on television—the potential
for a bird flu pandemic; the use of nanotechnology; the potential for study of the human genome to help
advance our understanding of human disease and its causes; and our response to natural disasters, such as
Hurricane Katrina and the Southeast Asian tsunami. Yet, the interaction of environmental factors,
defined very broadly, needs to include some of the things known to be important for determining our state
of health—diseases such as diabetes and asthma, cancer, Acquired Immune Deficiency Syndrome, and
the growing prevalence of obesity. The science discussed over the next few days will help to address
these challenges.

This Science Forum emphasizes the importance of strong cooperation, coordination, and communication
among the federal health agencies to help address the most significant public health and environmental
challenges faced by this Nation and the world. Combining the diverse scientific and technical expertise
of EPA, CDC, ATSDR, and NIEHS enables the presentation of a comprehensive and integrated analysis
of emerging science concerns and some approaches for meeting those challenges. The involvement and
participation of these agencies in the Science Forum is appreciated.

The topics presented in this Science Forum are interesting, cross-cutting, and broad in perspective. For
example, there will be a platform session that focuses on the overarching topic of disease susceptibility—
How do we understand it? How do we account for it? How do we take it into consideration when
making public health decisions? Sessions held tomorrow will examine future challenges, including
changing environments and disease patterns. All of the topics are intended to illustrate the breadth of
what to consider when thinking about the environment and our health.

EPA and all of the federal agencies welcome increased participation from the public and the scientific
community in addressing increasingly complex scientific, environmental, and public health issues. More
perspectives, participation, and engagement will help everyone do a better job. Because public health
issues and environmental issues are intricately linked, they cannot be considered separately. More will be
learned by studying them together than by trying to study them in isolation.

EPA continues to build upon a 35-year legacy of protecting human health and the environment based on
the best available science while still supporting a growing economy. Over the last 35 years, an ethic of
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protection has developed here in the United States that provides a different set of questions. The one
faced now that we would all like to be able to answer is: How can we do this faster, with more certainty,
and with better tools? EPA is announcing the release of the first independent advisory council report that
evaluates the use of innovative technology by EPA to protect public health and the environment, and the
development and use of technology by EPA to encourage sustainability, good decisions, and a decrease in
the environmental footprint. The report, EPA Technology Programs and Intra-Agency Coordination,
seeks to answer the questions regarding how to optimize the environmental technology programs and how
to promote research and development, commercialization, and implementation of EPA-developed tools to
solve some of today’s problems, and recommends ways to incorporate other programs and activities to
make EPA’s work even more effective and to promote Agency goals. This report will be released on
Thursday, May 18, 2006, and will be available at www.epa.gov.

Dr. Gray encouraged the audience to take part in all three days of the Science Forum, and to visit an area
outside of their areas of expertise to build an appreciation and an understanding of the ways in which
working together can advance public health and environmental goals.

Perspectives on Environmental Public Health
Dr. James H. Johnson, Jr., Dean of the College of Engineering, Agriculture, and Computer Sciences at
Howard University, discussed the role of science in environmental policy.

There are two reasons why this topic is appropriate: (1) the mission of the Agency to protect the
environment and public health, and (2) the Agency’s unique role of both conducting research and using
that research (and research conducted by others) to set environmental regulations and policies to protect
public health and the environment. EPA is charged with understanding human and environmental
interactions and protecting each. One of the mechanisms for doing this is through environmental
regulations and policies. The final use of the information must be understood as the science is developed
to support it. Dr. Gray addressed the question “Have we provided the best scientific basis for the
development of environmental policies?” Answering that question requires consideration of whether the
science being done right and whether the science is addressing the right questions.

The Board of Scientific Counselors (BOSC) was established in 1996 to provide advice and
recommendations to the Assistant Administrator of ORD on issues ranging from human resources
planning to evaluation of science and engineering research at the EPA Laboratories and Centers.
Recently, BOSC has been conducting program reviews. One of the questions asked during the program
reviews is “What is the scientific quality of the research products?” Six such program reviews have been
conducted during the past 13 months. The reports and the Agency’s responses to the reports are posted
on the BOSC website. The responses to the charge question on the scientific quality of the programs’
products are consistently positive and are described by words such as “high quality” and “consistent,
superior, scientific quality.” Therefore, the conclusion is that the science is being done right.

In order for this to continue, several key processes need to be kept in place. First, scientific results must
be freely communicated to the scientific community and available to form the foundation of
environmental policy. Second, Federal Advisory Committee Act committees, like BOSC, should
continue to be independent of the political “litmus test.” Third, the standards for peer review should be
determined by the appropriate scientific community.

Is the science addressing the right questions? We may not always be answering the right questions. An
inclusive process may not be uniformly used to help determine the right questions. For example, federal
agencies have spent almost 1 billion dollars to assess the cancer risks of dioxin, and EPA is one of several
agencies involved, but to date there have been no definitive, scientific answers, and many affected people
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are more concerned about the overall health risks to groups exposed to multiple hazards, not just the risk
from dioxin exposure. The Clean Air Act (CAA) requires that the National Ambient Air Quality
Standards be reviewed every five years for six major pollutants: particulate matter (PM), ozone, sulfur
dioxide, nitrogen oxide, lead, and carbon monoxide. During this process, the Agency reviews recent
scientific studies and translates results into policy recommendations. The initial reviews and
recommendations are performed by the Clean Air Scientific Advisory Committee (CASAC). The Agency
recently completed a study to determine ways to strengthen this process. However, some have questioned
the motivation for the study and have speculated about incomplete adoption of the recent CASAC
recommendations concerning PM.

Scientific understanding can be integrated with a deliberation process to ensure that the science is judged
to be “decision relevant” and credible to all parties interested in or affected by the decision. Such a
process requires the use of behavioral and social sciences. These sciences not only help policymakers
organize decisionmaking to be well-informed and democratic, but also in understanding the human
consequences of environmental policies and processes. Processes like this have been studied by social
and behavioral sciences for years and have been proposed by the National Research Council (NRC)
Committee on the Human Dimensions of Global Change. This approach can be applied to the
environment as well as to the management and handling of nuclear waste.

As recently as 2005, a panel under the Committee’s auspices completed a study on decisionmaking for
the environment involving social and behavioral science research priorities. This study, co-sponsored by
EPA and the National Science Foundation, recognized the challenges of setting environmental policy,
such as the consequences of the choices that may extend for decades and that the long-term implications
of wrong choices may be profound for both society and the environment. Other challenges include
choices that affect phenomena that operate at multiple scales and the need to make decisions without
scientific certainty or agreement on values. The report states “Participants with diverse perspectives and
values should contribute to defining the environmental decisions that require analysis, framing the
scientific analysis needed to gain insight with decisions, and interpreting the results to illuminate the
decision at hand.” This mandates early and continuous involvement of stakeholders.

The decisionmaking process described in the NRC report includes the following six elements:

o Clear identification of the decision to be made, which requires a consideration of science and the
values of stakeholders

¢ Identification of a set of alternatives for the decision from a technical and values perspective

o Determination of the consequences and associated uncertainty of the alternatives based upon science
o |dentification of the preferences regarding the trade-offs based upon values

o Selection of the preferred alternatives

e Consideration of implications for linked and future decisions based upon science and stakeholder
values.

This process involves science and stakeholder value judgments throughout. Many times, the values
expressed by stakeholders are only considered at the end of the process. The challenge confronted when
this happens is that the finish line may not be the most important one for the stakeholders. Stated another
way, the wrong set of science questions may have been answered. The need exists for an environmental
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policymaking process that is analytical, deliberative, and includes the values of constituents early in the
process to ensure that the right questions are being answered. Doing this while the science continues with
the current safeguards will increase the times when the right science is being done right.

EPA Commitment to Environmental Public Health

Marcus C. Peacock, Deputy Administrator of EPA, discussed EPA accomplishments and interagency
cooperation over the last 35 years, and presented the first 21* Century Visionary Science Leadership
Award.

EPA recently marked it 35" anniversary. The Agency’s birthday present is cleaner air, water, and land
for all Americans, fulfilling our obligation to leave the Nation’s environment healthier than when we
found it. Accomplishments by EPA over the last 35 years include greatly reducing automobile emissions,
revitalizing inner city brownfields, cleaning up toxic waste, protecting and restoring the ozone layer,
increasing recycling, and finding and promoting sustainable technologies. None of these
accomplishments would have been possible without the high quality of science provided by dedicated
EPA scientists. Interagency cooperation with CDC, ATSDR, and NIEHS is of vital importance, as
evidenced in the responses to Hurricanes Katrina and Rita. For example, collecting and communicating
vital information regarding the health and safety of affected persons would not have been possible
without the cooperation and personal support of Director Julie Guberding at CDC. By working together,
the Nation has the opportunity to accelerate environmental protection while maintaining economic
competitiveness.

The 21% Century Visionary Science Leadership Award recognizes an individual or organization whose
scientific research and outstanding leadership on emerging issues has helped to address complex
problems around the globe, and created future advancements for humanity and all of life. Visionary
leaders embody a sense of personal integrity, and radiate a sense of energy, vitality, and will. These are
leaders who motivate others.

Dr. J. Craig Venter is the first recipient of the 21* Century Visionary Science Leadership Award. In
1998, Dr. Venter founded Celera Genomics for the purpose of sequencing the human genome using the
whole genome shotgun technique, new mathematical algorithms, and a set of new, automated,
deoxyribonucleic acid (DNA)-sequencing machines. The successful completion of this research
culminated in publication of the human genome in Science in February 2001. To date, Dr. Venter’s
techniques have been used for the vast majority of all genomes sequenced in the world, and his research is
now leading to the development of treatments and cures for diseases that affect millions of people around
the world. More recently, Dr. Venter founded the J. Craig Venter Science Foundation and the J. Craig
Venter Institute, which is a not-for-profit research organization dedicated to the advancement of the
science of genomics, the understanding of its implications for society, and communication of those results
to the scientific community, the public, and policymakers. Dr. Venter and his team at the Venter Institute
continue to blaze new trails in genomics research and have recently published several important papers
outlining advances in a number of areas including environmental genomics, such as characterizing more
than one million genes found in the Sargasso Sea.

This award recognizes scientific leadership, personal integrity, and energy. Dr. Venter epitomizes these

characteristics. He is a leader in science and continues to go beyond the limits of conventional thought to
passionately serve the common good and is leading others down that path as we enter this century.
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Opening Keynote Speaker—Secrets of the Human Genome
Dr. J. Craig Venter, President of the J. Craig Venter Institute, discussed some of the links from the human
genome to the environment, and how they lead from one to another.

One key concept is massive parallelism, which is pretty simple in terms of computing. Instead of using
one processor, thousands of processors can be linked together. The other key concept, which is likely to
be more important, is randomness. Science has gone through various periods where it was believed that
the knowledge had peaked. Almost always, those periods were followed by periods of massive discovery.

The first application of these techniques was to understanding genes expressed in the human genome.
Ten years were spent in trying to isolate the adrenaline receptor by randomly selecting some
complementary DNAs and sequencing them. The science went from sequencing one gene in 10 years to
sequencing hundreds of genes in a relatively short period of time. The first paper was published in
Science in 1991, and that paper seems minor now because only 337 new genes were discussed—a paper
coming out soon will discuss 6 million new genes. Although the first paper seems like a minor effort, it
changed the way that science was done with any mammalian genome. Databases now have over 20
million expressed sequence tags (ESTs), which currently is the top gene discovery method in the world.
That is about to change with the environmental sequencing, but it is constantly growing with 10 million
ESTs added in just the last few years.

Problems were encountered in addressing the large number of sequences encountered—hundreds of
thousands of human gene sequences from a variety of tissues, yet with no good algorithms for assembling
sequences. To remedy this, a new algorithm was built to assemble the sequences and the algorithm
worked extremely efficiently, leading to the 1995 publication of a paper in a special issue of Nature.
Roughly half of the human genes discovered with the EST method were assembled using this new
algorithm. From there came the idea to try to sequence a microbial genome. At the time, there were two
genome projects funded: the E. coli genome and the yeast genome, both of which took over a decade to
complete. Using these new methods, the haemophilus genome was sequenced in only 4 months followed
by sequencing most of the major human pathogens, and then increasing the size of the species, working
up from plants, insects, and animals to humans.

The next big breakthrough after haemophilus, occurred at Celera Genomics with the drosophila genome.
This required the development of a whole new algorithm with over a half million lines of computer code.
After publishing the work on drosophila, the human genome was the obvious next step. The human
genome was sequenced in 9 months at a cost of approximately 100 million dollars. Following the human
genome, sequencing the mouse and dog genomes provided an opportunity to compare mammalian
genomes. The dog genome shows distinct behaviors associated with genetics of the species, which
provides an opportunity to sort out the genetics of behavior as well as traits. About half of the dog
genome aligned very accurately with the human genome, which was more than twice as much than
occurred with the mouse genome. The mouse is not a good model for human biology because the mouse
genome is evolving at a much faster rate than other mammalian genomes. Dogs and humans are actually
much closer, and much closer to a more recent common ancestor.

The chimpanzee genome also has been sequenced. In comparing the human and chimpanzee genomes
and the regions that line up, there is only about a 1.27% percent difference between humans and
chimpanzees. However, this data is somewhat misleading, because there is a lot of variation in
mammalian lines that does not show up at the basic sequence level. When measuring indels (i.e., bases or
groups of letters that get inserted or deleted from the genome), humans and chimpanzees differ from one
another by about 5 to 6%.
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In the near future, a new paper will be published on the human genome that will show that the difference
between humans is much greater than people thought from just measuring a single base pair. These data
will fundamentally change our views of own biology, our view of medicine, and how to deal with some
of the complexities of our environment. The ideal would be to have a database of tens of millions or
more of human genomes and all the associated clinical and phenotypic information. Only by doing
multivariant analysis across all of these will it be possible to understand what is genetic and what is
environment. Gene-based medicine exists and genome-based clinical research is beginning, but genomic-
based medicine will only really happen when the technology and the computing power is available to deal
with this information across the board. Research using single cells has found that life of even a single
primitive cell cannot be defined based solely on its genetic code. One needs to know the genetic code and
the environment. Only 3 to 5 percent of cancers are genetic, So most cancer is due to environmental
changes, and this new tool of genomics can begin to be used to track that kind of disease.

After applying this technology to sequencing, applications that might aid in understanding the
environmental component were considered. One such application involves a shot-gun sequencing of the
ocean, which is the largest sink for exchange of carbon dioxide (CO,). With deforestation and fossil fuels
being the main driving forces for increased levels of CO, in the atmosphere, it seemed worthwhile to try
to understand the biology behind the carbon exchange.

There are more microbes in biomass than from all plants and animals put together. Each milliliter of sea
water contains 1 million bacteria and 10 million viruses, a very small percentage of which (i.e., 1 percent)
are understood. This experiment took place in the Sargasso Sea, where there was supposed to be little, if
any, life. This was found not to be the case; roughly 40,000 new species were found that not been
characterized before. This started the Sorcerer Il expedition, where sea water was sampled every 200
miles around the ocean to see if the diversity was the same or different than what was found in the
Sargasso Sea. The Discovery and Science channel produced a 1-hour documentary on the expedition.
Only 25 percent of the data collected matched known sequences. This was the first hint that the
environment is very different than previously thought, and preliminary data analysis indicated that
approximately 85 percent of the data was unique to each sample site (200 miles apart); only about 3
percent matched at every site. The data also showed a sharp demarcation between warm and cold sample
sites; this was determined by looking at the microbial population by water sample location—the species
are site-